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1 Introduction 
Fetal magnetocardiography allows the noninvasive 
registration of the prenatal cardiac electrophysiolo-
gical signal. The good signal-to-noise characteristics 
of most biomagnetometers combined with adequate 
signal processing techniques generally permit the 
identification of the fetal de- and repolarization 
onsets and offsets to an accuracy of 1 ms. The P 
wave, QRS complex and sometimes the T wave can 
thus be determined in the second and third trimester 
of pregnancy. 
A number of studies have shown that fetal cardiac 
time intervals change systematically during pregnan-
cy [1-5] (see also Fig.1). It is presumed that these 
changes are primarily due to fetal growth and matu-
ration. It follows that in pregnancies in which the 
fetal growth is slowed, this might be reflected in the 
duration of the cardiac time intervals. 
The aim of this study was to examine the duration of 
the cardiac time intervals, as assessed by fetal mag-
netocardiography, in intrauterine growth retardation 
(IUGR). The intervals of a large group of normal 
singleton pregnancies were used as a control. The 
intervals obtained from several twin fetuses were 
used to examine a particular group at risk. 

2 Methods 
We recorded 9 fetal magnetocardiograms (FMCG) 
in 6 fetuses with intra-uterine growth retardation 
(IUGR). IUGR was defined as fetal weight <10th 
percentile on the basis of Doppler ultrasound. The 
gestational age ranged from the 27th to the 37th 
week. Furthermore 5 FMCGs were recorded in 3 
twin pregnancies in the 29th-35th week. 172 recor-
dings of 39 healthy fetuses between the 16th - 41st 
week of gestation served as control. 
One of two types of biomagnetometer was used to 
register FMCG: either 37 channel Krenikon 
(Siemens, Erlangen) or a 67 channel Magnes 1300C 
(BTi, San Diego). Data were generally recorded for 
5 minutes at a sampling rate of 1 kHz and with a 
bandpass 1-200 Hz. In the raw data, all maternal 
beats were identified and digitally subtracted.  
 

Subsequently, all fetal beats were identified and 
selectively averaged on the basis of high correlation 
to a QRS template, usually several hundred beats. 
Cardiac time intervals were determined in the avera-
ged fetal beat on the basis of the onset and offset of 
the P wave, QRS complex and T wave. Onset and 
offset, respectively, were defined as the visually 
determined first and last deviation from baseline in 
any one channel (Fig. 2). The events were used to 
define the following cardiac time intervals: P = P 
offset - P onset, PQ = QRS onset - P offset, QRS = 
QRS offset - QRS onset and PQRS = QRS offset - P 
onset. 
Linear regression analysis was performed on the 
control data to determine the dependency of cardiac 
time intervals on gestational age. The slope was 
used to adjust the interval values for gestational age. 
The Mann-Whitney U test was used to examine the 
difference of interval duration between the control 
group and the IUGR and twin group, respectively. 
The value p<.05 was considered statistically 
significant. 

 

 
Figure 1: Averaged FMCG signals of a healthy fetus 
in the course of gestation showing increase in 
amplitude and cardiac interval duration over time. 



 
Figure 2: Determination of onset and offset of the P 
wave and QRS complex in 3 selected channels of an 
averaged FMCG of a healthy fetus in the 28th week 
of gestation (data acquisition with BTi 1300C). Note 
i) the differences in timing with respect to channel 
and ii) the difficulty of identifying a T wave. 

 
Figure 3: Duration of the P wave for all subject 
groups with respect to week of gestation. 

 
Figure 4: Duration of the QRS complex for all 
subject groups with respect to week of gestation. 

3 Results 
The duration of the P wave, PQ interval and QRS 
complex could be reliably determined, not so the T 
wave (see e.g. Fig. 2). Independent determination of 
events by two observers in a subset of 77 recordings 
in the control group led to reproducible values for P 
and QRS onset or offset, not so for T onset and off-
set (Table 1). Because of the difficulty in identifying 
the T wave and, when it was visible, the unreliability 
of its determination, we did not further consider it in 
the analysis. 

Table 1: Median differences (ms) in the determina-
tion of the onset and offset of the cardiac time 
intervals. 

 P wave QRS complex T wave 
 onset offset onset offset onset offset 

N 77 77 77 77 72 72 
median 1 2 1 1 8 6 
 
Linear regression analysis of the intervals of the 
control group showed that P and QRS duration were 
clearly dependent on gestational age (Table 2). P, 
PQ and QRS duration as well as their sum PQRS 
tended to be shorter in IUGR fetuses when taking 
week of gestation into account; in the twins, the 
results were similar but the differences were not as 
large (see Figures 3-6). 
These results were confirmed statistically after cor-
rection for gestational age (arbitrarily set to week 
35, see Table 3). 

Table 2: Results of the linear regression analysis for 
the cardiac time intervals of the controls (r: correla-
tion coefficient). 

 slope intercept r 
P 1.4 11.6 .82 

PQ -0.5 69.6 -.24 
QRS 1.0 17.2 .78 

PQRS 1.9 98.4 .60 

Table 3: Values of cardiac time intervals (means ± 
SD, in ms) of the control, twin and IUGR fetuses, 
adjusted to the 35th week of gestation. 

 control 
n = 172 

twin 
n = 10 

IUGR 
n = 9 

P 62 ±  6 61 ±  6 57 ±  5* 
PQ 53 ± 12 44 ± 13* 42 ± 11** 

QRS 52 ±  5 48 ±  5** 48 ±  4*** 
PQRS 167 ± 17 153 ± 13*** 147 ± 15**** 

• p < .05, ** p < .01, *** p < .005, **** p < .001 
with respect to control. 



 
Figure 5: Duration of the PQ interval for all subject 
groups with respect to week of gestation. 

 
Figure 6: Duration of the PQRS interval for all 
subject groups with respect to week of gestation. 

4 Discussion 
Several conclusions can be drawn from the results 
presented in this study. First, fetal cardiac time 
intervals not involving the T wave can be reliably 
identified using magnetocardiography. This is in 
agreement with other studies (e.g. [2]). Second, 
atrial and ventricular depolarization times increase 
substantially and consistently during normal healthy 
gestation. This increase of 1 and 1.4 ms per week for 
the QRS complex and P wave, respectively, lie 
around the temporal accuracy of the data so that, on 
average, it should be possible to distinguish the 
changes from week to week. On the other hand, 
Figure 2 makes it clear that in order to correctly 
determine cardiac time intervals, it is imperative to 
evaluate signals from those positions above the 
maternal abdomen which truly reflect the onsets and 
offsets of the waveforms. Some of the differences in 
the duration of fetal cardiac time intervals reported 

by different groups [6] will certainly be due to this 
factor. 
On the assumption that increase in cardiac muscle 
mass in the course of pregnancy will lengthen the 
duration of myocardial activation, shorter than 
normal depolarization times in small fetuses may be 
explained by the assumption that their muscle mass 
is correspondingly small, leading to shorter conduc-
tion times. That this was most clear in QRS may 
reflect the fact that ventricles represent the larger 
portion of that mass. On the other hand, it may also 
in part be due to the fact that the onset and offset of 
the QRS complex are more clearly visible than those 
of the P wave. This would lead to more consistent 
estimation of QRS duration and accordingly higher 
discriminatory power when comparing between 
healthy controls and the fetuses at risk. 
The PQ interval is relatively constant over a wide 
range of values during normal pregnancy. The fact 
that, in the fetuses at risk, PQ interval values were 
shortened can therefore not be explained by a deve-
lopmental lag in these fetuses. It may indicate a 
neural component involved in the timing of events 
which has a compensatory function reflecting the 
disagreement between age and size. 
It should be noted that overall, the values of the 
IUGR fetuses were lower than those of the twins. 
This suggests that the former were more compro-
mised than the latter. On the other hand, the number 
of subjects in both risk groups is rather low and 
more reliable assertions will be possible in studies 
including more subjects. Nonetheless, the results are 
promising and indicate the clinical potential of fetal 
magnetocardiography in fetuses at risk, in particular 
those with relevant growth retardation. 
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